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(54) CONTROL OF DISLOCATION UNE IN TRANSMISSION DIRECTION AND FTS USE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a controlling method for turning 
transmission direction of dislocation line to intended direction, a method for 
forming a preferable GaN~based crystal substrate by the control method and 
its use. 

SOLUTION: A mask layer 2 is provided so as to form a mask area 12 and a 
non-mask area 11 on a base substrate surface 1, Crystal growth of GaN- 
based crystal is started from the non-mask area and transmission direction 
of dislocation line is controlled by controlling a ratio of growth rate to C axial 
direction to growth rate to the direction vertical to C axis in growing GaN- 
based crystal. GaN-based crystal is grown by using the method and GaN- 
based crystal part having low dislocation is formed in the intended area on 
the mask area and/or on non-mask area by avoiding passage of dislocation 
line to provide a GaN- based crystal substrate. Further, the substrate is 
used as a base substrate and as a light emitter. 
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^ ^ - ;^ g=tefflc^>-gli5s fc ii±g|ic^>|iiDjic . 

f=> G a N m^^cifMm^Wi ^mt^h I' . -S> G a N 

:&fSj :&$IJ^2I o . %mh^^ ^ fc 1 :^ If. 

<^>G a N;fe?fs^m't<oS^a:^FSo 
+tM'.'U.^^£E*C*'&lil^'14lE4S<Z)Ga N3fe$SSSH" 

[ ig*3i 8 ] isatJi 3-7 (DC ^^n;^ccSw© G a N 

3j^Sa^tta>Mfi*ftccct: -i^riSii^ nfcG a N^nt^ 
:&^i^:J:-:>rGaN^?g^st't«tc?f^e£$nfc. BtiSa 

[ig^^9 ] ig^3l3 -TiDC-t'tidHCStt^G a N 



2> 1 1-13 0 5 9 7 

2 

^^^ifiomi^iS^^^^ r>Xtm^*\fcO a N^JfS.^ 
^H;^%fctc^-Xg1S<LUrJll^6tt. piSsSi^** 

W<: i^l^-? ^ig ^ ^»"c t-t ^ /g?^^ 

3Src:>6nr, li$Sfcnf'<-:^Sfi<DJ:ffitC-7Xi?p.iSii 

t?fi£^l.fcfi»il4<^G a N^s|t^«: Wt** C <!: «:«Sfifc 
10 if ^GaN^SSi^^t^, 

[ -:) 0 (:• 1 ] 
[ 0 0 0 2 ] 

[ ^^(r>m^i ] G a N mJS^Wf4«:mc ^fc^m[t^^. 
^v^ifi'^iSiefgC^'^?'^ K (LED) />^;^5i^ flfcO 

Vrm^nSL^^- •C-cr>f%GaN.^ift^A^^^f&^7t^* 
[0 00 3] 

[ b ^ i f ^ if 15 ] G a N 5fe 

^) t^3«r'l«£firjr<t<DXIl/>^lfe^T-So Sfc, teii 

[ 0 0 0 4 1 Kf5?tS5!)^|fe7t1^ti^^^«^^S;«r«:3lt3:t' 

[ 0 0 0 5 ] G a N5fe^^f*«fejfe^^^- 'iltCI?':? r T 
40 1^^^W@Lt\^xm^^fc^<Ot.C^^^X\t. M^5<LGaN 

3?)M 0'" cm-'Uicc^^t-sci^^^^enrfeD, cn 

50 fcGaN^i^il@4i(C, «i{£ii&(7>]lii§^@i^$tfX<&i^ 
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[0007] 

I 0 0 0 8] ( 2 ) C^^r^l'^iO.'ia^iitti C«l«C=it 

Mi S^Rf * C i cc J: -7 *C $ ^ ©X-* * JliS 
{ 0 0 0 9 ] S tc''^^m<OQ a N,^JS^^t't<^?!3)£-^^ 

(3 > Ga \^m%^^c%ii^w^-nj^Li*xfm:^w^ 

i ©tfcJfr *IJiaif C <i; frC -7 r , iKfjiSOfeaWl^^*'] 

lii'T'S^ii^t^. %iitk^0m^^mf^^^xui^^&^^<o 

[0010] ( 4 > CW7^^<OJ$Mc&At CMe^:=it 

ii ^tR-r * C i tcj: o 'C ^i: ^ fcCC-r-*) *±i2 
( 3 ) §E$$<DG a N^iiSSSt'tiOiiigA^o 

[0011] ( 5 > tt.iifi£^**^ ^itt^afflss^S 

<MOCVD> X^h±^ <4> la^lCOGaNJSte^S 

[00 12] (6) ttSfiS^**^, K^-^ KSvtlJ- 
b•^? V jleS^^ < H V p E ) f^^Ua (4 ) laSSi 
QG a ^rht^^m^<^Wlkii^o 

[00 13] ( 7 ) ^HSv^X?^^. fei:aV^A:(i 
*C*>^>±S2 (4 ) ( 6) <^)liTn/>HC2B$StCCGa 

[ 0 0 14] *^fl>Ga N5&^»f*^^^^*. -t^ 
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( 3 > - { 7 ) <z:'i*-rn*o^«ciH$x<^G a N^feSt^SWO 
iS^g^r^tC J: -:>*Cl5[ji^ n:rcG a N^SaS^^Wv^t^ ^ 

tixtih^^^^i^.^xh^x . ^m^-nmc^-^-^x 

[ 0 0 1 5 ] *^ti|<^)Ga N.^JgaSH«S:> ±12 < 3 > 
< 7 > (Ot^Ttw^HCiB^&cC'Ga N^tti^St^cC'sJSii:^ 

ccG a N.^.1t^iO\^^0?t'tiC4'tt4'C*0 . ^Y^:^ i?^ 

Ga N3fe|g^!S«:Wf 4Ci«r«ai-r^o 
[ 0 0 1 6 ] 

[^m\ is^tmx\t. G a N5fes|^a^'^'7 T 

i 1 ) t^cx-^xi^mth^^ii^hinkt, it^o>m'^^> 

X. GaN5fclS^a>Jl^X'4*. C»c^Ttt"7^l»XAB 
(4*^®) li6S*>*/>V (?iJ;il*, «<3::'1'^<^S4* < 1 

-100) i^&ai/, 6S=&^ffi^fSibf ^^:«^^^>*i 
{1-1 0 0 ) tm^-tho * "ci, mia { 1 - 1 

0 0 } ®CC=it*CA>'^C«ec¥^TWffi?:^fflifl'?ii:S i«> 
30 t: ( I 1 - 2 0 ) tm^tho < 1 - 1 0 0 > M 

ccsitv-^fsik* c 1 - 1 0 0 ) . -en^L^ffinfi^fEjo?^. 

< 1 - 1 0 0 ) i O. (11-2 0 > W^^UuiS 
Ifilk* [ 1 1 - S 0] , ^f%^^Ui7n(^^'^^ < 1 1 

iaA?£tc^T:^L;^>o 

[0017] r-7A^?lBi$j <t r#^-?;:^>?fiJ|!ij v*, t 
t><C-^-;N^tSS {Sfe-^-;^^S<0-^!S:j!>^GaN^.if§.^ 

[ 0 0 18] ^.ccGa WTt^^^L^-y r 

'S'-SGaN5feJS^SOj>'7';'5'?*S^.4:Or, (a> 

i^l'?<:-^;^i'S2«:^:W. gSM?^^SStiit/t:t^^^i|5 1 
i:rdt^0CGaN*JS^@3O«:.^^5tf, -^--^^^SlSm 
^icMor^ XGC'Ga N^i^e.m@3 0 

50 $^'&Ci:tCJ:'>t:, 5'7v»i'«:IF.^±-ri>Ci«:lgafcl/ 
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m 1 2 fi -7 r Jl «riS*!>ii^. ^^S^^XK [0026] ( b > C gilt^f :^l^-^<?>.'ij5&--M!g^7^ 

[002 1 ] CCDt^, GaN5feiigilS3*tcfipa£'^^> c<^>J: ^«:e£^$i*6C ttcj: o^C, l^&^L^ra 

[0 02 2] LC^ii\ ^^^k(r>iPi^^m^<fM'^t^J:i 20 ^ig^f±®C'4^!«tiifif^^n, Ji^^@<7»^ 

fftn^^ < 1 - 1 0 0 > ;^r5itc{^o'^ii[!ia<!:'r^fci^, 
G a N5felSa© {11-20} mi>^. co:>fitm^^^ 

Mf^^n^o { 1 1 -2 0 5 mit^^yv-^-y hmx'*> 
i>tcit>, y ^M"c^'S {1-1 00 } mi'chb^ 

r. GaN53iJSaii«i-&(^<^Sii^<lfi£^^*o 111:3^1^1.^ 

40 11-20 >ic hb^?! < 'C tfo 

[0029] ^x>^ig<t^^-?:^5'l|i^<bcC'^^P 
ifg?: <1 l-2 0> -^iSlC-itfiai-r^**^, ^y-fei' h 
®*C^^) {1-10 0 1 ®;0^C<Oftgf^ei«:siitr«*lfil 

t^^c«^>, { 1 - 1 0 1 ) ffi'tl <!^x^£4i^^':? T -b h ;0^fiJ,^ 
50 [ 0 0 3 0 1 ±ge^ X X - >Q>^m^^ ^>Sigti:5i 



^MXiys mz.ViO>m^i^irhct.^^X'B i>X'>iCU 
[ 0 0 2 3] 

■&(Si«:*Jiai-^:^i*. SH i < a ) ^J^x.m2 < a > e<:?n'r 
GaN^.Jit.S:«>^C«*)5^^:^?(5li(./-Ce£^pjffe 

i5gl 2i#^Xi^iiiU5l 1 i^fi^.'C^'r^J^^OC-eXi?® 
eWiCG a N m^^ii"'^^ Oti^f i r ^. C C 5 

[0 02 4] COC'-^-X^te^j^^^-'C. |^^A5^^.SU|y>> 
hQa^7h^^<0^mm^^^^^. CO>t^. Ga 
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[0 03 1 ] tea^SSiOrJi, HVPE. MOCV 

[0 03 2] ^@5;;^':?;i*H, . . Ar, He^?5^^ 

[ 0 0 3 3] -^r. Na 'J *«f#eSv5^'A«X'S£S* 

[ 0 0 3 4 ] M O C V D iC ^\ i>$ta63t^ii, H. M 

»J > i^'^.ic^ 1 0 0 (cOo V^:</;^<!;l/r. =^^i^»J 
T^:J^.ic^.5 <L) +r>*^r5 (L> p COC-ifi^, 

[0035]-^r, N. ±laMOCVDocj: 
fci©^<DS3Sg!Sliir?5 09ir*-£>. *A:, Vj^i^i^y 

[0 03 6] ±iaffi^i^:c^:-7r, 

iD5±ec, {1-10 1} ^tlt:<K>^^»V T -b hiO^ffi-S 

-;^lj|"^isi.^^igft3!>^3i< . { 1 - 1 0 1 ) ®^ti'o>S2| 

[0037] f£€^f^«:^fl:$it • 



(5) 1 1-13 0 5 9 7 

[0038] oa ^^m^mit^mcmm 

10 M. 6H-S i C^fi. ^iCCB'tT':? T'^r^^iO^'fi?^ 
[0 03 9] 1*i<:, -^-^^Sffilt, 6£:i$#iGaN.^ 

<>^cr»gAM Ga. Al. N (O^X^l. 0^ 
Yil. O^Z^l, X+ Y+Z= I ) :;5>^6V^>fe<D:<^^ 

^cf^ni>o Sf*fi*5tcii. ifvT-^rsffiicc. MOV 
aN5?.iiGa A 1 t^<omm^imr.fmbrc^cr>^:'^m(^ 

30 3!>^'C^r*o 

( 0 0 4 0] i^lali. ^ni#<x:'^®3?>^6k*i^Wfl'^ 

<;^^^^©0:iLTS . . Ti, Ta. Z r ^<^>^it:4J9^ 
KitiS), gp^. S ! O. . S ! Nx. T I O. . Z rO 

[0 0 4 I ] ■yT.pmt. m^itM^mm. s^^'^-p^. 

40 C V D^o>i;mc^ 0 ^lg^^B*S J: ^ tCff^eJtO A: 

[ 0 0 4 2 ] G a t^Tk^^kt. ^\ i\x Ga > A I , N 
(O^XSl, O^Y^l, O^Z^l, X + Y+2 = 

1 > '^^^n^\t^^mt^xf>i>. i^cc, mwimt 
oxi^muiycoLuxitG a t^ifimif^nho 

1 0 0 4 3] 3tc^^cc J: ^>G a N5^}S^.t'ta>»?a:^^ 
50 O. *£li$a*laaEtcft'ft3i*. ^;J^5^®*II^*-CGa 
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[ 0 0 4 4 ]^ fc. -^m^iCJi^Oa N.^4^«f*^jfe^ 
^* . ±aSG a U^^mmrW^^mc J: *C SSai $ 
n^cG a N5fc$SaSW-S:m<r^l>^<DT'«>0 , ^<0G a N 

1 0 0 4 5 ] S/ci, *^Wicj:^>Ga N.^HtaSHIi, 

jiiaG a ^m^^m^^oM^-n^^^^ ^xmt^ ntco 

[ 0 0 4 6] 

5 0 0 'C^ "Crtf A ! l^fr4<L OX V l» > * JUT^I- t:^f? 

0 0 'CtC^jaU G a m4<L l^T h y > U A ( W 
TTMG) WWMt\^xr>^^7^\kU. GaN 

.«S-r-6Ga N^i|§,^<^> < 1 1 - 2 0 > *|filtc.tt^x h 
[0048] C G a N .^aS^(^>.'S^ ; gt^tO^etD :Xtc 

^^T*stf> Tr\ 1 0 oo^cjf'C^moTMG. r 

>*::.r«:3 0»ra?t(./. G a NteS^i.^S^tr^Co G 
10 0 4 9] C^*3g^»i^) '^m^.s m 3 Wr^nT J: 
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[0050] ^.721^2 

^ 1^ i^mo>m(Dm^i^0\ ^ . js^-^ g a n 
oif^fmx'i^fc, ID 3 <ti^*i, eit±mi<op^ -;^ k 

[ 0 0 5 1 ] 

[^§«a>^im) *lfe^tCc^:or, ^-::^^=EtGaNJfc 

iS±iC^^$tt:fcGaN^aSaS<^f5.«Cf>^(iL^C. m^ik 
20 moDm/yi^ii^nAiiSeCi^OG a M$ii^.g^^^^.^ 

[ 0 0 5 2] S^c. eSfi^tGa N^8SS^tt'«:f^r 
A:. 

mz] ■^nm(om^is^ . ^ j: og a n ^^mn<^ 
imz] mnc?rr^ifiMm<omk'^icj:'7xmhtitc 

[(a4] m2icm^-^mm<omit7smcj:^xnhnfc 

40 ab-S. 

[r?^a>sj&^] 

1 a ^ilc^ag^^^ 
lb .»<^77S 

Ic GaN«a&ga>^@ 

2 ^Ai?B 

1 1 #-7X5?pi?!5 

3 GaN^^gigg 

50 L Htm 
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